Photoelectric UBV photometry and star counts are presented for the previouslyunstudied open cluster Collinder 236, supplemented by observations for stars near the Cepheid WZ Car. Collinder 236 is typical of groups associated with Cepheids, with an evolutionary age of (3.4 ± 1.1) × 10 7 years, but it is 1944 ± 71 pc distant, only half the predicted distance to WZ Car. The cluster is reddened by E B−V ≃ 0.26, and has nuclear and coronal radii of r n ≃ 2 ′ (1.1 pc) and R c ≃ 8 ′ (4.5 pc), respectively. The Cepheid is not a member of Collinder 236 on the basis of location beyond the cluster tidal radius and implied distance, but its space reddening can be established as E B−V = 0.268 ± 0.006 s.e. from 5 adjacent stars. Period changes in WZ Car studied with the aid of archival data are revised. The period of WZ Car is increasing, its rate of +8.27 ± 0.19 s yr −1 being consistent with a third crossing of the instability strip.
INTRODUCTION
The rich η Carinae complex contains many unstudied open clusters, as well as a number of Cepheid variables of potential value as calibrators for the extragalactic distance scale. Previous UBV surveys of the region for Cepheid/association coincidences by van den Bergh et al. (1982 Bergh et al. ( , 1983 and Turner et al. (1993) were not very successful at discovering potential new calibrators, nor was a more detailed study by Turner et al. (2005) of the unstudied cluster Ruprecht 91 with its nearby Cepheids SX and VY Carinae. There are many Cepheids lying in the region, however, and it is important to examine all potential coincidences with unstudied open clusters to establish whether or not they may constitute physical pairs.
Collinder 236 (C1055-607) is an unstudied, sparselypopulated, open cluster lying southeast of the η Carinae Nebula complex. It was noted previously by Tsarevsky et (1966) to contain the long-period Cepheid WZ Carinae (HD 94777, P = 23 d ) within its coronal region (see Fig. 1 ). The Cepheid is roughly 1.5 to 2 magnitudes brighter than the brightest cluster stars, which, in combination with its spatial location, provides sufficient grounds to suspect it may be an outlying cluster member. This paper uses photometric data and star counts for Collinder 236 to examine the likelihood of cluster membership for WZ Car, and to explore its properties.
Galactic star clusters that host Cepheid variables are of more than passing interest, given that they provide a means of calibrating intrinsic colours and luminosities for Cepheids through photometric dereddening procedures and zero-age main sequence (ZAMS) fitting. Recent studies by Benedict et al. (2007) and van Leeuwen et al. (2007) have helped to establish the zero-point of the Cepheid periodluminosity relation through HST and Hipparcos parallaxes, while other calibration techniques have been applied to the problem by Fouqué et al. (2007) . There have also been new, deep studies of several recognized Cepheid calibrating clusters by Hoyle et al. (2003) and An et al. (2007) using CCD UBVK and BVIC JHK5 photometry, respectively. Such studies are important for extending the calibration sample to long period Cepheids in clusters and associations, although the addition of short-period calibrators is also important, as indicated by the case of CG Cas as a member of Berkeley 58 ). As will be argued elsewhere (Turner 2009 ), the open cluster calibration of the Cepheid periodluminosity relation is on fairly solid ground when proper consideration is made for potential problems arising from tie-ins to standard photometric systems, the data reduction techniques employed, the manner in which cluster mainsequence fitting is used to deduce distances, and how interstellar reddening and differential reddening are treated. There remains an immediate need to study new cases as they arise, particularly where they involve long-period Cepheids like WZ Car.
OBSERVATIONS AND STAR COUNTS
Photoelectric UBV photometry for stars in Cr 236 and near WZ Car was obtained on one night in 1981 May and four nights in 1984 April using the University of Toronto's 0.6-m Helen Sawyer Hogg telescope when it was sited at the Las Campanas Observatory of the Carnegie Institution of Washington. The observations were made in conjunction with similar measurements for stars in Ruprecht 91, as described by Turner et al. (2005) , where details of the data collection and observational uncertainties are given. Table) , LSS 2037 and its companion (middle section), and the field of WZ Car (lower section), the latter incorporating the single observations by van den Bergh et al. (1982) . The V-magnitude cited for star I by van den Bergh et al. (1982) appears to have been transcribed incorrectly (V = 12, not 13), and is corrected here. The brightness of stars 8 and 39 is suspected to vary temporally, but confirmation would require additional photomet- Table 1 indicates the number of nights of observation for each star, and co-ordinates for all stars (epoch 2000.0) are from the 2MASS catalogue (Cutri et al. 2003) . Cluster stars are identified in Fig. 2 , while stars near WZ Car are identified by the letters and numbers used by van den Bergh et al. (1982) .
Several luminous stars in the cluster field are identified by Stephenson & Sanduleak (1971) , including LSS 2040 = Star 6, for which previous UBV photometry was published by Wramdemark (1976) . A comparison of the earlier observations with those of Table 1 suggests possible small zero-point offsets for the earlier data. The field of the cluster also contains two Algol-type eclipsing binary systems, CD Car and IN Car (Sahade & Berón Dávila 1963; Zakirov & Shaidullin 1985) , but they lie outside the region of the cluster surveyed here. Their locations are indicated in Fig. 1 . The M4 Iab type C semi-regular variable CL Car (HD 94599) also lies close to Cr 236, just off the west edge of the field illustrated in Fig. 1 . The field immediate east of Cr 236 contains the Of/WN star LSS 2063, which has been studied by Gómez & Niemela (1987) .
Star counts were made for Cr 236 using enlargements from the ESO/SRC B southern sky survey transparencies, as done for Ruprecht 91 (Turner et al. 2005) . Strip counts were made in several different orientations to delineate the cluster centre, followed by ring counts illustrated in Fig. 3 . The latter included counts for stars with J 12 in the 2MASS catalogue (Cutri et al. 2003) . A brightness limit of B ≃ 13 was adopted for the ESO/SRC B counts in order to eliminate possible problems arising from background contamination from the rich Carina Nebula complex. The adopted limits in B and J appear to be suitable for investigating density variations across the cluster, which for simplicity was assumed to be spherically symmetric. The cluster centre is located at 10 h 56 m 57 s .1, −61
• 06 ′ 13 ′′ , 2000 co-ordinates, and is illustrated in Fig. 1. A field star background level of 0.198 ± 0.012 stars arcmin −2 for B < 13 is established from regions lying between 8
′ and 22 ′ from the cluster centre. Cr 236 is estimated to have a coronal (or tidal) radius of Rc ≃ 8 ′ and a nuclear radius of rn ≃ 2 ′ , in the notation of Kholopov (1969) , corresponding to 1.1 pc and 4.5 pc, respectively. The number of expected cluster members brighter than B ≃ 13 is 33 ± 7 on the basis of the Fig. 3 star counts. There are only 13 likely cluster members brighter than the counting limit identified within the cluster boundaries in our photometric analysis (with an additional 4 stars lying near WZ Car), so additional cluster members remain to be identified. WZ Car is 15 ′ .44 from the centre of Cr 236, beyond the projected cluster tidal radius, so is unlikely to be a cluster member.
The cluster dimensions are somewhat smaller than is typical of other young clusters, although comparable to the similarly small values found for the nearby Carina cluster Ruprecht 91, rn = 0.9 pc and Rc = 4.3 pc (Turner et al. 2005) . Perhaps that is indicative of significant loss of member stars over the cluster's lifetime. Several likely members of the cluster main sequence are found beyond the tidal limits, which argues for their recent escape from the main grouping.
THE CLUSTER COLLINDER 236
Fig. 4 presents a UBV colour-colour diagram for Cr 236 and the field of WZ Car. A distinguishing feature of the plotted colour data is a well-populated sequence of B-type stars reddened by EB−V = 0.26 that represents the luminous end of the cluster main sequence. Several stars at the luminous end of the main sequence appear to be more heavily reddened than the main group, yet there does not appear to be any dependence of the "extra" reddening for such stars with spatial location within the cluster. Possibly the stars are affected by a circumstellar reddening component similar to that observed in clusters like Roslund 3 (Turner 1993 (Turner , 1996a , although that can only be tested through spectro- scopic observation. With the exception of the few anomalous objects, the reddening of cluster stars is remarkably tight, displaying essentially no evidence for differential reddening by dust. Examples of such clusters in the Galactic plane are relatively rare, with the best comparison group to Cr 236 being Stock 16 (Turner 1985) . Fig. 5 presents a BV colour-magnitude diagram for the same stars as in Fig. 4 . The evolved B-star main sequence is recognizable on the blue edge of the figure, as well as a possible coeval group of luminous stars discussed later. About half of the stars can be confidently identified as field stars lying along the line of sight to Cr 236 and WZ Car.
An unusual characteristic of the reddening in Carina is that the foreground reddening is described by a shallow reddening slope, EU−B/EB−V (e.g., Turner 1989), and a large ratio of total-to-selective extinction, R = AV /EB−V = 3.82 ± 0.13 (Turner et al. 2005 ). The sparse spectroscopic data available for Cr 236 stars, from Stephenson & Sanduleak (1971) and Houk & Cowley (1975) , generate colour excesses for Cr 236 stars that imply a reddening law of EU−B /EB−V = 0.64 ± 0.13 for the field, consistent with the value of EU−B/EB−V = 0.65±0.02 that applies to the nearby field of Ruprecht 91 (Turner et al. 2005 ). The latter value, which is tied to a larger sample of stars with spectral types, was adopted here to analyse the photometry for Cr 236 stars.
Likely members of Cr 236 were corrected for contamination by interstellar extinction using values for the reddening slope EU−B/EB−V and ratio of total-to-selective extinction R = AV /EB−V found for nearby Ruprecht 91 (Turner et al. 2005 ). The resulting reddening-free colour-magnitude diagram for the cluster is shown in Fig. 6 . Evolution away from the ZAMS appears to affect the data for luminous cluster members, with the implied distance modulus for 5 stars The ZAMS is plotted as a solid line for V 0 − M V = 11.44, while dotted lines depict isochrones for log t = 7.4 (upper), log t = 7.5 (middle), and log t = 7.6 (lower).
that best represent true ZAMS objects being V0 − MV = 11.44 ± 0.08 s.e., corresponding to a distance of 1944 ± 71 pc. A comparison with stellar evolutionary model isochrones (Meynet et al. 1993 ) for ages of log t = 7.4, 7.5 and 7.6 is shown. All three appear to fit the data for luminous cluster members reasonably well, implying a cluster age of (3.4±1.1)×10
7 years (log t = 7.5±0.15). The corresponding mass of cluster stars falling at the luminous tip of the mainsequence red turnoff (RTO) is 8.5 ± 1.3M ⊙ (Meynet et al. 1993 ), compared with a value of M (RTO) ≃ 11M ⊙ predicted for a cluster containing WZ Car (Turner 1996b ). Although Cr 236 is of similar age to clusters capable of containing long-period Cepheids, its distance is not large enough for it to be associated with WZ Car, which is ∼ 4 kpc dis- tant according to a reddening-free Cepheid parameterization (Majaess et al. 2008) .
The reality of Collinder 236 was tested using JHK data from the 2MASS survey (Cutri et al. 2003) for stars lying within 4 ′ of the adopted cluster centre and having magnitude uncertainties smaller than ±0.05. The results shown in Fig.  7 confirm the existence in the field of a small group of B and A-type stars with similar parameters to those obtained from UBV photometry. The implied reddening is E(J-H) = 0.09 ± 0.02, corresponding to E(B-V) = 0.32 ± 0.07; the distance modulus is J0 − MJ = 11.37 ± 0.15, corresponding to a distance of 1878 ± 86 pc. The results from the 2MASS analysis are tied to a standard interstellar extinction law that relates reddening and extinction in the JHK bands to those in UBV, so slight differences from the UBV analysis can be attributed to the anomalous extinction law applying to foreground extinction in Carina. The results otherwise confirm the reality of Collinder 236 established from the UBV analysis.
There are a few stars in the region spatially surrounding WZ Car that appear to share a common distance with Cr 236, and hence are possible escaped cluster members, but the Cepheid is not one of them. The case of Cr 236 and WZ Car, like the cluster Ruprecht 91 and the Cepheids VY Car and SX Car, is simply an example of a spatial coincidence between a poorly-populated open cluster and potential calibrating Cepheid. (1958) , (3) Pel (1976) , (4) Madore (1975) , (5) Harris (1980 ), Eggen (1983 , and Coulson & Caldwell (1985) , (6) ESA (1997), (7) Berdnikov & Turner (1995a ,b, 1998 , 2000 , 2001a , (8) Bersier (2002), (9) Berdnikov & Caldwell (2001) , (10) Berdnikov & Turner (2001b) , (11) ASAS (Pojmanski 2002) , (12) Berdnikov & Turner (2004b) , (13) Berdnikov & Turner (2004c) , (14) Berdnikov & Turner (2004d) .
THE CEPHEID WZ CARINAE
The field of WZ Car surveyed here contains 8 stars of B or A spectral types, 5 of which share almost identical reddenings averaging EB−V (B0) = 0.294 ± 0.006 s.e. The equivalent field reddening for WZ Car is EB−V = 0.268 ± 0.006 s.e., compared with EB−V ≃ 0.30 from the reddening parameterization of Majaess et al. (2008) . The estimated distance to WZ Car from Majaess et al. (2008) is 4 − 5 kpc (depending upon which colour relation is adopted), which is much larger than the distance to Cr 236 found here, as noted above.
The Cepheid parameterization of Turner & Burke (2002) leads to an estimate of MV = −4.98 for WZ Car, and an apparent distance modulus of V − MV = 14.25. An isochrone for log t = 7.6 is plotted with those parameters Table  2 data, with point sizes proportional to assigned weight. The bottom diagram plots the O-C residuals from the best fitting parabola, which corresponds to a period increase.
in Fig. 5 . Although the surveyed stars cannot be used to establish the distance to WZ Car independently, it is interesting to note the presence in the field of what may be a sequence of luminous stars comparable in age to WZ Car. Star A (HDE 305721) is not among them, despite lying close to the isochrone. Its K5 spectral type indicates that it is an unreddened foreground dwarf. But star B (HDE 305714) is a known B3 Ib supergiant that has an apparent distance modulus of V − MV = 14.04 according to the β-index measured by Graham (1970) . It appears to be a good match in terms of age and likely distance to the Cepheid. The isochrone fit to WZ Car implies a distance of 4.3 kpc, which suggests that a much deeper survey of the field might be capable of detecting B-type main-sequence stars associated with the Cepheid.
WZ Car is an intriguing object owing to its period changes (Turner et al. 2003) . Although the overall variations from 1900 to the present match a third order polynomial (not a parabola) implying a rate of period increase of +9.79 ± 0.30 s yr −1 (Berdnikov & Turner 2004a) , recent trends in the O-C data (Fig. 8 ) appear to suggest a decreasing period, with data prior to 1970 solidly indicating a steadily increasing period. Did the direction of evolution of the Cepheid through the instability strip reverse in 1970?
A reworking of the available data resolves that question. A reanalysis was completed for WZ Car using additonal observational data, improved software, and new light curve templates for B and V. The adopted ephemeris for WZ Car for the analysis was: HJDmax = 2441082.518 + 23.0115 E, with E the number of elapsed cycles. The results are presented in Table 2 and plotted in Fig. 9 . The observations of Irwin (1961) were omitted from the present analysis, since the phase coverage is poor. Also, only the B-band observations of Walraven et al. (1958) were used, the V-band data producing anomalous results. An interesting by-product of the revisions to the O-C data is that they no longer require a third order polynomial to achieve a good fit. A simple parabolic fit works well here.
Previous indications of a changed direction in the evolution of WZ Car are modified significantly by the present analysis. The period is undergoing a continuous increase at +8.27±0.19 s yr −1 (logṖ = +0.917±0.010), consistent with a third crossing of the instability strip (Turner et al. 2006) . The isochrone for WZ Car plotted in Fig. 5 was selected to represent such a stage in the star's evolution.
DISCUSSION
A photometric analysis of the cluster Cr 236 indicates that it is not associated with the spatially-adjacent long-period Cepheid WZ Car. The cluster appears to be in advanced stages of dissolution into the field, with a number of likely members lying beyond the formal tidal boundaries. Further study of the cluster would be of interest for establishing whether or not the eclipsing systems CD Car and IN Car are likely members, since the known cluster distance would assist in the determination of parameters for the eclipsing components.
Although WZ Car is not a cluster member, it may be part of a loose association of B-type stars in its immediate surroundings. Further study through spectroscopic observation and deeper photometry is needed to assess that possibility. The earlier photographic UBV survey by van den Bergh et al. (1982) may not be suitable for such a task, given that the iris measures were calibrated using a comparison sequence tied to an erroneous brightness for one star.
A field reddening for WZ Car can be established from its spatially-adjacent neighbours, the resulting value of EB−V = 0.268 ± 0.006 s.e. being consistent with expectations (Majaess et al. 2008 ). Many of the neighbours are only half as distant as the Cepheid, but it appears that there is little or no additional reddening occurring along the line of sight. Potential difficulties regarding the period changes occurring in the pulsation of WZ Car are resolved through a reanalysis of existing data in conjunction with the inclusion of additional observations. WZ Car can now be identified as undergoing a steady period increase consistent with a third crossing of the instability strip. plate stacks, Robert Garrison for the allocation of observing time at UTSO, and Michelle Chouinard Ferguson for software development.
